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Abstract 
Reilly, I.L., On non-Hausdorff spaces, Topology and its Applications 44 (1992) 331-340. 
This paper surveys some recent work on topological spaces which need not satisfy the Hausdorff 
separation property. It advocates change (of the definition, of the problem, of the topology) as 
a useful topological tool. 
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Until about 1950 it seemed that, with few exceptions, topologists had a theorem 
which said “all spaces are Hausdor-“. Early examples of the study of non-Hausdorff 
spaces are provided by the Sierpinski space, Alexandroff’s “diskrete Raume” [I] 
(spaces in which arbitrary intersections of open sets are open), and the quasi- 
metrizable spaces of Wilson [52]. More typical was the attitude of Bourbaki who 
had made Hausdorff part of the definition of compactness. Kelley’s book [23] set 
the cat among the pigeons in 1955 by daring to omit the Hausdorff condition from 
many of its definitions. Since then there has been a continuing and growing interest 
in the study of non-Hausdorff spaces. Wilansky [.51] outlined a series of strategies 
designed to cope with the absence of the Hausdorff property. The thrust of this 
paper is that life without Hausdorff is not only possible but that it is imperative. 
Recent developments in the theory of continuous lattices and in theoretical computer 
science, see [14] and [32] for example, justify such a position. This paper is a 
reiteration of the plea [3, p. iv] “for non-Hausdorff spaces as a legitimate object of 
study in general topology”. 
The paper is organized around the theme of change as a tool in the hands of the 
topologist. We avoid any discussion of change in the axioms of the underlying set 
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theory, restricting ourselves to ZFC. Rather than foundational changes we are 
interested in three kinds of changes in the superstructure, change of definition, of 
the problem, and of topology respectively. In this walk through the non-Hausdorff 
sections of the topological garden, the selection of flowers is a personal, almost 
random one and certainly not comprehensive. We stop to admire some longer than 
others. 
1. Change the definition 
Let us modify the definition of a metric to allow the possibility that distance is 
a nonsymmetrical notion. 
Definition 1.1. A quasi-pseudometric for a set X is a function d on X XX to the 
set of nonnegative real numbers such that d (x, x) = 0 and d (x, z) s d (x, y) + d (y, z), 
for all points x, y, z in X. 
If, in addition, d is such that x =y whenever d(x, y) =O, then d is called a 
quasi-metric. 
The set {y E X: d(x, y) < E} is the open ball with centre x and radius 8, and is 
denoted by B(x, d, E). The topology on X which has the collection {B(x, d, F): x E 
X, E > 0) as a base is called the topology induced on X by d, and is denoted by 
T(d). The topology induced by a quasi-metric is T, but not necessarily Hausdorff. 
A topological space (X, Y) is quasi-metrizabfe provided that there is a quasi-metric 
d for X such that 9= T(d). 
Of course, if d is a quasi-metric on X which also satisfies d(x, y) = d(y, x) for 
all points x, y in X, then d is a metric for X. In general, if d is a quasi-pseudometric 
on X, then so is d-’ which is defined by dP’(x,y)=d(y,x) for x,y~X, and d-’ is 
called the conjugate of d. If one considers a quasi-pseudometric d on a set X, then 
there is a natural associated bitopological space (X, F(d), F(d-I)), in which some 
of the symmetry we have lost is regained. Kelly [24] was the first to systematically 
exploit this point of view. 
Why should we bother with the greater generality afforded by nonsymmetrical 
distances? After all, the mathematics becomes more difficult, and some of our 
favourite theorems are no longer true. 
First of all, most of the distance functions we meet in everyday life late in the 
twentieth century seem to be inherently nonsymmetrical. Examples are the “shortest- 
time-taken” distance and the “minimum-energy-consumed” distance, and these have 
relevance when consideration is taken of such things as topography, prevailing 
winds, river or ocean currents, and barriers to travel such as one-way street systems. 
If mathematical models should reflect reality, then the metric model of distance is 
too restrictive. 
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Secondly, several of the classical examples of topological spaces turn out to be 
quasi-metrizable but not metrizable. For example, the Sorgenfrey line, the Michael 
line, the Niemytzki plane, the Kofner plane and the Pixley-Roy space are some 
that come to mind. 
Thirdly, quasi-metrics have interesting applications in other parts of science and 
mathematics. For example, we refer to the work of Waterman, Smith and Beyer 
[49] in biology, of Domiaty [6] in the structure of space-time and of Smyth [48] 
and Kent [25] in theoretical computer science. 
Fourthly, interesting topological questions arise from the greater generality of 
quasi-metric spaces. We consider two such questions. 
(a) Which topological spaces are quasi-metrizable? 
(b) Find a metrizability dual of quasi-metrizability, that is provide a property A 
of topological spaces which is strictly weaker than metrizability and such that a 
space is metrizable if and only if it is quasi-metrizable and has property JH. 
Since Wilson’s paper [52] in 1931, in which he proved that every T, second 
countable space is quasi-metrizable, the hunt has been on for a topological charac- 
terization of quasi-metrizable spaces, see Problem 0 of Fletcher and Lindgren [9]. 
One interesting line of attack has been to modify the triangle inequality. 
If a quasi-metric d on X satisfies a strong form of the triangle inequality, namely 
d(x, z) s max{d(x, JJ), d(y, z)} for x, y, z E X, then d is called a non-Archimedean 
quasi-metric on X. The class of non-Archimedeanly quasi-metrizable spaces has a 
nice topological characterization, obtained independently by Nedev [37], and 
Fletcher and Lindgren [8]. 
Theorem 1.2. A T, space is non-Archimedeanly quasi-metrizable if and only if it has 
a a-interior-preserving base. 
The Kofner plane is a quasi-metrizable space which is not non-Archimedeanly 
quasi-metrizable, Kofner [ 271. 
On the other hand, we can obtain a class of spaces more general than the 
quasi-metrizable spaces by weakening the triangle inequality. If, instead of the 
triangle inequality in Definition 1.1, d satisfies the condition that d(x, z,) + 0 
whenever d(x, y,) + 0 and d(y,, z,) + 0, then d is called a -y-metric. The space (X, 5) 
is called a y-space if there is a y-metric d on X such that T= 9(d). The y-spaces 
have appeared in the literature in several disguises, and this has been part of their 
interest. One of the nicest is the following. X is a y-space if and only if there is a 
nonnegative real-valued function d on X x X such that {B(x, d, E): E > 0} is a base 
at each point x in X, and d( K, H) > 0 whenever K is compact, H is closed, and 
K and H are disjoint. Gruenhage [17] has provided other characterizations of 
y-spaces. The question whether every y-space is quasi-metrizable originated in 1943 
with Ribeiro [41]. It was answered affirmatively for special classes of spaces, for 
example developable spaces and subspaces of a LOTS. Finally it was put to rest by 
an ingeneous example of a non-quasi-metrizable y-space due to Fox [lo]. 
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A solution to question (a) has been announced very recently by Kopperman [29]. 
Now we turn our attention to the second question. An early result is that of 
Ribeiro [41]. 
Theorem 1.3. Every compact Hausdor-quasi-metrizable space is metrizable. 
A different line of attack by putting conditions on the conjugate topology is 
discussed by Raghavan and Reilly [38]. Typical of such results is the following. 
Theorem 1.4. Every quasi-metrizable space whose conjugate topology is compact is 
metrizable. 
So much then for the class of quasi-metrizable spaces. The interested reader 
should consult Fletcher and Lindgren [9, Chapter 71, Gruenhage [17, Section lo] 
or Kofner [27]. 
There are several other interesting classes of non-Hausdorff spaces which should 
capture our attention. We have time to mention just a few. 
A topological space (X, 3) is called R0 if x E U E 9 implies cl(x) c CJ, where cl A 
denotes the F-closure of A. This weak kind of regularity property was first introduced 
by Shanin [44], and its importance is discussed by Naimpally [36], who argued that 
in some respects the R0 property is more natural than the T, property. For example, 
the one-point compactification of a space X is R,, if and only if X is R, and locally 
compact. A normal space is completely regular if and only if it is RO. Herrlich [20] 
has shown that the category of R,, spaces and continuous maps is isomorphic to 
the category of topological nearness spaces and nearness preserving maps. 
A subset B of a topological space (X, 9) is defined to be .Y-irreducible if and 
only if, given U, , U, E F, B n U, # (4 and B n U2 # 0 together imply B n U, n U, # (d. 
It is clear that a Y-closed subset F of X is Y-irreducible if and only if F cannot 
be expressed as the union of two nonempty Y-closed proper subsets of F. The space 
(X, Y) is defined to be a sober space if and only if every nonempty T-closed 
Y-irreducible subset of X is the Y-closure of a unique singleton. In strength, the 
property of being a sober space lies between the separation properties T,, and 
Hausdorff. Apart from their topological interest, see McCartan and McCluskey [33] 
for example, sober spaces arise naturally in the study of continuous lattices [14]. 
Sober topological spaces were considered by the Grothendieck school [2]. Herrlich 
[ 191 characterized them as the reflective hull of the Sierpinski space in the category 
of topological spaces and continuous functions. Skula [46] showed that sober spaces 
are the b-closed subspaces of powers of the Sierpinski space. Descriptions of sober 
spaces in terms of certain open filters have been given by Herrlich [19] and Hong 
[21]. For the topological space X we denote by n(X) the lattice of open subsets 
of X ordered by inclusion. Kowalsky [30] introduced the following definition. A 
filter 9 in a complete lattice L is called a funnel if and only if for every subset A 
of L, sup A E 9 implies a E 9 for some a E A. Herrlich [ 191 showed that a r, space 
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X is sober if and only if n 9# 0 for every funnel in n(X). Hong [21] proved that 
X is sober if and only if every funnel in L!(X) is an open neighbourhood filter. It 
turns out that if X and Y are sober spaces and if 0(X) and 0(Y) are isomorphic 
lattices, then X and Y are homeomorphic spaces. Smyth [47] has shown that sober 
spaces play an important role in the theory of power domains and predicate 
transformers in theoretical computer science. 
Another non-Hausdorff topology pervades the theory of continuous lattices, 
namely the Scott topology [14]. A subset U of a complete lattice L is called Scott 
open if and only if U is an upper set (that is, x E U and x s y imply y E U) such 
that sup D E U implies D n U # 0 for all directed subsets D of L. This same definition 
of the Scott topology applies if L is just a partially ordered set. Then the Scott 
topology is T, but not necessarily sober, see Johnstone [22]. 
If one is willing to forgo the Hausdorff property, finite topological spaces become 
interesting, they are no longer necessarily discrete. The simplest example is Sier- 
pinski’s two-point space S, the set (0, l} with topology (0, {0}, S}. Part of the folklore 
is the result that every To space can be imbedded in a power of S and its closure 
in that power is a non-Hausdorff compactification. A similar result is discussed by 
Morris [34]. 
Theorem 1.5. Every topological space is homeomorphic to a subspace of a power of D, 
where D is the set (0, 1,2} topologized by (0, {0}, D}. 
Embedding arbitrary spaces in powers of finite spaces has also been considered 
by Dow and Watson [7]. Their main concern is with extending continuous functions, 
and they advocate the virtues of another three-point space introduced by Sikorski 
[45] and having five open sets (0, 1,2}, {0,2}, {1,2}, {2}, 0. Much in the same spirit, 
Watson [.50] has recently shown that finite spaces are important topological building 
blocks. 
A feeling for the properties of specific finite topological spaces has been crucial 
in the recent digital plane model of the computer screen developed by Khalimsky, 
Kopperman and Meyer [26] and Kong, Kopperman and Meyer [28]. A computer 
screen, being a finite rectangular array of discrete lattice points, admits only one 
T, topology, namely the discrete topology. This topology has no nontrivial connected 
sets, and hence allows no Jordan curve theorem. Following [26] we define a connected 
ordered topological space (COTS) as a connected topological space X with the 
property that if Y is a three-point subset of X there is a point y in Y such that Y 
meets two connected components of X -{y}. To describe a finite COTS, let X = 
{Xl,%,..., x,,}, with the order of the subscripts corresponding to the topological 
order. The points of X alternate being open and closed. Each point has a smallest 
open neighbourhood. Each open point has a one-point open neighbourhood. If {xi} 
is closed and 1 < i < n, the smallest open neighbourhood of xi is {x,_, , xi, xi+,}, 
while a closed endpoint has a two-point smallest open neighbourhood. So a finite 
COTS is To but not T, . A space X x Y with the product topology, where X and Y 
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are finite COTS each with at least three points is defined to be a digitalplane. Some 
of the properties of digital planes are exploited in [26] and [28], allowing topological 
methods to be applied to computer graphics and related fields. 
Every topological structure whose definition involves a symmetry condition can 
be generalized by dropping the symmetry, as we have done in Definition 1.1 to 
obtain a quasi-metric from a metric. If we give this treatment to a uniformity we 
obtain a quasi-uniformity. 
Definition 1.6. A quasi-uniformity on a set X is a filter % on X x X such that each 
member of 021 contains the diagonal A, and for every U E % there is a VE % with 
Vo V c U. The topology Y( %) induced on X by % is defined by the neighbourhood 
system {“u[x]: x E X}, where %[x] = { U[x]: I/ E %}. For every quasi-uniformity Ou 
on X there is a conjugate quasi-uniformity V’ on X defined by 3-l = {U-l: U E %). 
Much of the theory of quasi-uniform spaces is described in the elegant book of 
Fletcher and Lindgren [9]. Here we shall confine our observations to quasi-uniform 
analogues of the two questions we discussed for quasi-metric spaces, namely: 
(a) Which topological spaces are quasi-uniformizable? 
(b) Which special properties of a quasi-uniformity and the topologies induced 
by it and its conjugate will force its topology to be completely regular, that is 
uniformizable? 
The answer to the first question is that every topological space admits a quasi- 
uniformity [9, § 2.11, so that the study of quasi-uniform spaces allows uniform-like 
methods to be introduced for arbitrary topological spaces. The second question is 
still open. Answers parallel to Theorem 1.4 are available in Raghavan and Reilly 
[39] from which we quote the following result. 
Theorem 1.7. Every quasi-uniformizable space whose conjugate topology is compact 
and R,, is uniformizable. 
2. Change the problem 
We all have our favourite examples of problems which seem intractable, but 
which when they are modified no longer cause us so much difficulty. Here is one 
of mine. 
For some time topologists have been interested in the question: (Q) If each 
discrete subspace of a compact Hausdorff space is countable, is the space hereditarily 
Lindelof? As stated, (Q) is part of the much larger problem of the existence of S 
spaces and L spaces, and (Q) turns out to be a consistency result - the answer 
depends on the axioms chosen for the underlying set theory. For details of this fact 
and other related questions the reader is referred to Rudin [43] and Roitman [42]. 
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I have often wondered why (Q), a question about hereditarily Lindelof spaces, 
was posed in the category of compact Hausdorff spaces. The fact that (Q) is a 
consistency result is further evidence that we may not be asking the right question. 
I have not been alone in thinking about a modified (Q), where the compact Hausdorff 
condition is replaced by something else. Nedev [37] proved that a symmetrizable 
space X is hereditarily Lindelof if and only if each discrete subspace of X is 
countable. Harley and Stephenson [ 181 extended this result to the class of 9 spaces. 
The reader should consult these papers for detailed discussions of the definitions 
and properties of these two classes of spaces. We observe that every symmetrizable 
space is an 9 space, and each 9 space is T,. 
The term P space was used as an abbreviation for pseudo-discrete space by 
Gillman and Henriksen [15], for a Tychonoff space X on which every continuous 
real-valued function is constant on some neighbourhood of each point of X. In a 
P space every countable intersection of open sets is open, and we take this as the 
defining condition without requiring any separation property. Cameron [S] has 
shown that the class of P spaces plays an important role in the study of maximal 
and minimal topologies. The Tychonoff P spaces are of considerable interest in the 
study of the ring C(X) of all continuous real-valued functions on a Tychonoff space 
X. The classical reference is Gillman and Jerison [16, especially 4J and 4K]. 
Vamanamurthy and Reilly [40] showed that another modified (Q) has an affirmative 
answer. We used the anti-topological properties of Bankston [4] to show that the 
answer is yes when the “compact Hausdorff space” condition is replaced by “R, 
and P space”. 
3. Change the topology 
Numerous examples of properties closely related to the notion of continuity of 
a function between two topological spaces are found in the literature. It turns out 
that many of these concepts are not new in the sense that if one is willing to change 
the topology on the domain and/or the range, then the class of functions satisfying 
a particular property coincides with the class of continuous functions under the 
new topologies. From this point of view, many of the results in the literature are 
essentially restatements in disguise of familiar properties of continuous functions. 
In [12] we have introduced the following definition to make this more precise. 
Definition 3.1. A property P of functions between topological spaces is called a 
continuity property if there are functions cr and p which assign to each topology 9 
topologies CZ( 9) and /3( 9) on the same underlying set, such that f: (X, 9) + ( Y, 011) 
has property 9 if and only if f: (X, (Y(T)) + ( Y, p( “11)) is continuous. 
In the category of topological spaces and continuous functions a continuity 
property arises because the wrong source and/or target have been considered for 
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the morphism in question. On the other hand, a noncontinuity property is something 
new that is outside the category of topological spaces and continuous functions. 
To show that a property 9 is a continuity property we need to exhibit a topology 
on the domain and/or range which reduces 9 to continuity. The following result 
[ll, Proposition l] is our most effective tool to date for showing that 9 is a 
noncontinuity property. It can often be employed with some efficiency when X and 
Y are finite topological spaces, and one can use a microcomputer to search for 
appropriate counterexamples. 
Theorem 3.2. Let P be a property of functions between topological spaces, X and Y 
be sets, 9 a family offunctions from X to Y, and g : X + Y be a function. Furthermore, 
suppose that 
(i) whatever topologies are imposed on X and Y, if each member of 9 is continuous, 
then g is also continuous, and 
(ii) there are topologies on X and Y with respect to which each member of 5 satisfies 
9 but g does not satisfy 9. 
Then 9 is not a continuity property. 
Apart from the new understanding it brings to the situation, what benefits accrue 
from showing that some property is a continuity property? In brief, it allows new 
proofs of some elegance for existing results, and suggests new results. Many papers 
considering properties related to continuity of a function study their behaviour 
under circumstances which are standard for continuous functions, for example 
composition, restriction, and preservation of sets of a particular kind. Another 
common theme is the relationship between various properties, especially conditions 
under which a particular property is equivalent to continuity. These studies can be 
improved, and in many cases are made trivial, by the perspective allowed by this 
notion of continuity property. This question has been addressed in [ 12, 5 61, and a 
good example of this approach in a specific case is presented in [35]. 
In [13] we have classified about eighty variations of continuity according to 
this scheme, and about half of them are continuity properties in the sense of 
Definition 3.1. 
The change of topology approach applies to properties of topological spaces as 
well as to properties of functions. To illustrate, we consider the semi-regularization 
topology TTY of a topological space (X, 9). A subset B of (X, 9) is called regular 
open if B = int(c1 B), and y.% is the topology on X which has the family of all regular 
open sets in (X, 9) as a base. Then some properties of (X, 9) can be characterized 
by appropriate properties of (X, T7). For example, (X, ?I) is almost regular, almost 
completely regular, almost locally connected, nearly compact, nearly locally com- 
pact, or nearly paracompact if and only if (X, yy-,) is respectively regular, completely 
regular, locally connected, compact, locally compact, or paracompact. Details are 
provided in [35]. 
On non-Hausdo&yxx-es 339 
An interesting example in a slightly different direction but in very much the same 
spirit has been pointed out to me by Lawson [31]. Suppose that X is a locally 
compact Hausdorff space. One can order the collection of all compact subsets by 
reverse inclusion and then equip this partially ordered set with the Scott topology. 
Suppose now that we have a decomposition of X into compact sets. Then there is 
a mappingf from X to the decomposition set which sends an element to the member 
of the decomposition which contains it. Now the decomposition is upper semicon- 
tinuous if and only if the function f is continuous, where the decomposition space 
is endowed with the relative Scott topology. Similarly the decomposition is lower 
semicontinuous if and only if the functionf is continuous, where the decomposition 
space is endowed with the relative weak topology (from the partially ordered set 
of compact subsets ordered this time by inclusion). Example 3.8 of Chapter VI of 
[14] contains related ideas. 
References 
[l] P. Alexandroff, Diskrete Raume, Mat. Sb. 2 (1937) 501-518. 
[2] M. Artin, A. Grothendieck and J. Verdier, Thtorie des topos et cohomologie Ctale des schtmas, 
Lecture Notes in Mathematics 269 (Springer, Berlin, 1972). 
[3] B. Banaschewski and R.E. Hoffmann, Continuous Lattices, Lecture Notes in Mathematics 871 
(Springer, Berlin, 1981). 
[4] P. Bankston, The total negation of a topological property, Illinois J. Math. 23 (1979) 241-252. 
[5] D.E. Cameron, Maximal and minimal topologies, Trans. Amer. Math. Sot. 160 (1971) 229-248. 
[6] R.Z. Domiaty, The Hausdorff separation property for space-time, Eleutheria (Athenes) 2 (1979) 
358-371. 
[7] A. Dow and S. Watson, Universal T(, spaces, York University Department of Mathematics Reports 
89-24 (1989). 
[E] P. Fletcher and W.F. Lindgren, Transitive quasi-uniformities, J. Math. Anal. Appl. 39 (1972) 397-405. 
[9] P. Fletcher and W.F. Lindgren, Quasi-Uniform Spaces, Lecture Notes in Pure and Applied Mathe- 
matics 77 (Dekker, New York, 1982). 
[IO] R. Fox, Solution of the y-space problem, Proc. Amer. Math. Sot. 85 (1982) 606-608. 
[ll] D.B. Gauld, Some non-continuity properties of functions, Indian J. Math. 29 (1987) 49-58. 
[12] D.B. Gauld, M. Mrsevic, I.L. Reilly and M.K. Vamanamurthy, Continuity properties of functions, 
Colloquia Mathematics Societatis Janos Bolyai 41 (North-Holland, Amsterdam, 1983) 3 1 l-322. 
[13] D.B. Gauld and I.L. Reilly, On variations of continuity, to appear. 
[14] G. Geirz, K.H. Hoffmann, K. Keimel, J.D. Lawson, M. Mislove and D.S. Scott, A Compendium 
of Continuous Lattices (Springer, Berlin, 1980). 
[15] L. Gillman and M. Henriksen, Concerning rings of continuous functions, Trans. Amer. Math. Sot. 
77 (1954) 340-362. 
[16] L. Gillman and M. Jerison, Rings of Continuous Functions (Van Nostrand Reinhold, Princeton, 
NJ, 1960). 
[17] G. Gruenhage, Generalised metric spaces, in: K. Kunen and J.E. Vaughan, eds., Handbook of 
Set-Theoretic Topology (North-Holland, Amsterdam, 1984) 423-501. 
[18] P.W. Harley III and R.M. Stephenson Jr, Symmetrizable and related spaces, Trans. Amer. Math. 
Sot. 219 (1976) 89-l 11. 
[19] H. Herrlich, On the concept of reflections in general topology, in: J. Flachsmeyer, H. Poppe and 
F. Terpe, eds., Contributions to Extension Theory of Topological Structures (VEB Deutscher Verlag 
der Wissenschaften, Berlin, 1969) 105-l 14. 
[20] H. Herrlich, A concept of nearness, Gen. Topology Appl. 5 (1974) 191-212. 
[21] S.S. Hong, Extensive subcategories of the category of T(, spaces, Canad. J. Math. 27 (1975) 311-318. 
340 I. L. Reilly 
[22] P.T. Johnstone, Scott is not always sober, in: B. Banaschewski and R.-E. Hoffmann, eds., Continuous 
Lattices (Springer, Berlin, 1981) 282-283. 
[23] J.L. Kelley, Genera1 Topology (Van Nostrand Reinhold, Princeton, NJ, 1955). 
[24] J.C. Kelly, Bitopological spaces, Proc. London. Math. Sot. 13 (1963) 71-89. 
[25] R.E. Kent, The metric closure powerspace construction, in: M. Main, A. Melton, M. Mislove and 
D. Schmidt, eds., Mathematical Foundations of Programming Language Semantics (Springer, Berlin, 
1988) 173-199. 
[26] E. Khalimsky, R. Kopperman and P. Meyer, Computer graphics and connected topologies on finite 
ordered sets, Topology Appl., to appear. 
[27] Ja. A. Kofner, Quasi-metrizable spaces, Pacific J. Math. 88 (1980) 81-89. 
[28] T.Y. Kong, R. Kopperman and P.R. Meyer, A topological approach to digital topology, to appear. 
[29] R. Kopperman, Which topologies are quasimetrizable?, to appear. 
[30] H.J. Kowalsky, Verbandstheoretische Kennzeichnung topologischer Riiume, Math. Nachr. 21 (1960) 
297-318. 
[31] J.D. Lawson, Private communication. 
[32] M. Main, A. Melton, M. Mislove and D. Schmidt, Mathematical Foundations of Programming 
Language Semantics, Lecture Notes in Computer Science 298 (Springer, Berlin, 1988). 
[33] S.D. McCartan and A.E. McCluskey, Minima1 sober spaces, to appear. 
[34] S.A. Morris, Are finite topological spaces worthy of study?, Gaz. Austral. Math. Sot. 11 (1984) 31-32. 
[35] M. Mrsevic, I.L. Reilly and M.K. Vamanamurthy, On semi-regularization topologies, J. Austral. 
Math. Sot. Ser. A 38 (1985) 40-54. 
[36] S.A. Naimpally, On R,, topological spaces, Ann. Univ. Sci. Budapest 10 (1967) 53-54. 
[37] S.I. Nedev, Symmetrizable spaces and final compactness, Soviet Math. Dokl. 8 (1967) 890-892. 
[38] T.G. Raghavan and I.L. Reilly, Metrizability of quasi-metric spaces, J. London Math. Sot. 2 (15) 
(1977) 169-172. 
[39] T.G. Raghavan and I.L. Reilly, Uniformization of quasi-uniform spaces, Bull. Austral. Math. Sot. 
23 (1981) 413-422. 
[40] I.L. Reilly and M.K. Vamanamurthy, On hereditarily Lindelof spaces, Bull. Austral. Math. Sot. 21 
(1980) 357-362. 
[41] H. Ribeiro, Sur les espaces a metrique faible, Portugal. Math. 4 (1943) 295-326. 
[42] J. Roitman, Basic S and L, in: K. Kunen and J.E. Vaughan, eds., Handbook of Set-Theoretic 
Topology (North-Holland, Amsterdam, 1984) 295-326. 
[43] M.E. Rudin, S and L spaces, in: G.M. Reed, ed., Surveys in Genera1 Topology (Academic Press, 
New York, 1980) 431-444. 
[44] N.A. Shanin, On separation in topological spaces, Dokl. URSS 38 (1943) 110-113. 
[45] R. Sikorski, Some applications of interior mappings, Fund. Math. 45 (1958) 200-212. 
[46] L. Skula, On a reflective subcategory of the category of all topological spaces, Trans. Amer. Math. 
Sot. 142 (1969) 37-41. 
[47] M. Smyth, Power domains and predicate transformers, in: Lecture Notes in Computer Science 154 
(Springer, Berlin, 1983) 662-675. 
[48] M. Smyth, Quasi-uniformities: reconciling domains with metric spaces, in: M. Main, A. Melton, 
M. Mislove and D. Schmidt, eds., Mathematical Foundations of Programming Language Semantics 
(Springer, Berlin, 1988) 263-253. 
[49] M.S. Waterman, T.F. Smith and W.A. Beyer, Some biological sequence metrics, Adv. in Math. 20 
(1976) 367-387. 
[50] S. Watson, Getting all topological spaces from products, free unions and quotients, to appear. 
[51] A. Wilansky, Life without 7,, Amer. Math. Monthly 77 (1970) 157-161. 
[52] W.A. Wilson, On quasi-metric spaces, Amer. J. Math. 53 (1931) 675-684. 
